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Abstract 

The genus Arcobacter has been associated with illnesses in both animals and humans, where Arcobacter butzleri, 
Arcobacter cryaerophilus, and Arcobacter skirrowii have been linked to numerous cases of gastrointestinal diseases 
in humans. While isolated instances of Arcobacter infection have been reported in certain areas, comprehensive data 
reflecting the global impact of Arcobacter infection are lacking. This meta-analysis was conducted with the objective 
of assessing the aggregated prevalence of Arcobacter across diverse sources on a global scale. We conducted a thor-
ough literature search of the Scopus, PubMed, and ScienceDirect databases to identify studies published from 1992 
to 2022 on Arcobacter prevalence in humans and food-producing animals. We utilized multilevel random effects 
meta-analysis models to gauge the average occurrence of Arcobacter and to examine various factors that could influ-
ence incidence outcomes. Seventy-five articles were included in the meta-analysis. The pooled prevalence of Arcobac-
ter spp. from different sources was 21.9% (95% CI: 18.0%–26.1%), and the mean prevalence of A. butzleri, A. cryaero-
philus, and A. skirrowii was 15.1%, 2.8%, and 0.1%, respectively. Arcobacter spp. had the lowest prevalence in humans 
(1.8%; 95% CI: 0.7%–3.3%) and the highest in broilers (38.8%; 95% CI: 28.0%–50.1%). Among animal-derived food 
products, carcasses or carcass parts exhibited the highest Arcobacter spp. prevalence of 28.6% (28.6%; 95% CI: 23.7%–
33.7%). This meta-analysis revealed that A. butzleri is the most prevalent Arcobacter species worldwide, with broilers, 
as well as seafood, being the primary hosts of Arcobacter spp. We recommend developing appropriate prevention 
strategies and conducting further local in-depth studies to establish the actual epidemiological burden of Arcobacter.
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Introduction
Arcobacter spp. are considered important foodborne path-
ogens associated with both human and animal diseases 
[1]. The Arcobacter genus encompasses 29 identified spe-
cies derived from various natural environments, including 
soil, freshwater, seawater, and hosts such as humans and 
animals [2–4]. Among these species, Arcobacter butzleri, 
Arcobacter cryaerophilus and Arcobacter skirrowii are clin-
ically important for both animals and humans [5–7].

Poultry serves as a crucial reservoir for Arcobac-
ter and a primary source of infection [8–10]. Poultry 
intestines, which harbor Arcobacter, can contaminate 
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slaughterhouses during carcass processing, increasing 
the likelihood of further contamination [6]. Apart from 
poultry, Arcobacter has been recovered from various 
products of animal origin, including seafood, milk, beef, 
and pork [11–15]. Contaminated meat plays a crucial role 
in Arcobacter transmission [5, 16, 17]. In humans, severe 
illnesses, such as peritonitis, endocarditis, bacteremia, 
and prolonged watery gastroenteritis with abdominal 
cramps, have been reported following Arcobacter infec-
tion [18, 19]. Given the absence of daily diagnostic meth-
ods  specifically designed for Arcobacter spp.  detection, 
the importance and prevalence of infections are possibly 
underestimated. In a recent study, Arcobacter prevalence 
in diarrhea individuals and in raw chickens was 1.3% and 
26.7%, respectively, in China [1]. Conversely, in Germany, 
Arcobacter is the second most prevalent bacterial patho-
gen detected in human stool samples, while in Belgium, it 
is the fourth most prevalent [5, 20].

To date, only a  limited number of studies have inves-
tigated Arcobacter prevalence in both humans and food-
producing animals on a global scale. Meta-analysis serves 
as the invaluable statistical methodology with the objec-
tive of synthesizing, integrating, and contrasting results 
from numerous primary studies investigating the same 
questions; it is essential when quantitative comparisons 
worldwide are necessary. In this study, we employed 
meta-analysis to quantitatively summarize and com-
pared the prevalence of Arcobacter in humans and food-
producing animals globally, providing a foundation for 
future Arcobacter disease surveillance.

Results
Excluded studies
The literature study identified 1142 scientific papers con-
taining the terms "prevalence" or "incidence" along with 
"Arcobacter." The exclusion criteria included reviews, 
duplicated studies or data, investigations concentrat-
ing solely on laboratory techniques, and studies lack-
ing adequate data for estimating Arcobacter prevalence 
(n = 1027; Fig. 1).

Included studies
Out of the 1142 scientific papers screened, seventy-five 
met all the  inclusion criteria for estimating Arcobacter 
spp.  prevalence, encompassing 176 prevalence studies. 
Additionally, 167, 145, and 136 studies evaluating the 
prevalence of Arcobacter butzleri, Arcobacter cryaerophi-
lus and Arcobacter skirrowii, respectively, were included.

Among all studies estimating Arcobacter spp.  preva-
lence, a notable majority were published in the period 
after 2006 (Fig.  2). After 2006, there was an increase in 
studies involving Arcobacter species, particularly with 
a greater focus on A. butzleri than on A. cryaerophilus 

or A. skirrowii. These studies were conducted across 34 
different countries on 6 continents, with the majority 
located in Europe and Asia (Fig. 2).

Thermotolerant Arcobacter prevalence
Among the 75 scientific papers meeting the inclusion 
criteria, we identified 176 studies on the prevalence of 
Arcobacter spp.  (analyzing 76,951 samples). From these 
176 studies, the combined prevalence estimate for Arco-
bacter spp. was 21.9% (95% CI: 18.0%–26.1%). Notably, 
significant heterogeneity was detected across the studies 
(Q-statistic: p < 0.0001; I2-statistic = 98.91%).

A total of 167 studies on A. butzleri prevalence were 
selected (76,525 samples were analyzed). The preva-
lence estimate for A. butzleri was 15.1% (95% CI: 
12.4%–18.5%), and notable heterogeneity was detected 
(Q-statistic: p < 0.0001; I2-statistic = 98.51%).

We identified 145 studies on the prevalence of A. cry-
aerophilus (analyzing 72,516 samples). The prevalence 
estimate for A. cryaerophilus was 2.8% (95% CI: 1.7%–
4.1%), with notable heterogeneity detected (Q-statistic: 
p < 0.0001; I2-statistic = 95.69%).

Finally, 136 studies on A. skirrowii prevalence were 
identified (comprising 71,673 samples), with a prevalence 
estimate of 0.1% (95% CI: 0.0%‐0.4%). Significant hetero-
geneity was observed across these 136 studies (Q-statis-
tic: p < 0.0001; I2-statistic = 80.43%).

Evolution of Arcobacter prevalence over the analyzed 
period
In this meta-analysis, we opted to focus on publication 
year rather than the year of the study. This decision was 
based on the conventional alignment between the pub-
lication year of scientific articles and the actual year of 
study, which typically falls within a range of 2 to 3 years.

Arcobacter  spp.  prevalence within all humans and 
food-producing animals included in this meta-analysis 
varied based on publication year (Fig. 3a). The prevalence 
ranged from 0.064 to 0.273 over the analyzed period. 
The highest prevalence appeared within published stud-
ies from 2006  to  2010 (27.3%; 95% CI: 18.1%‐37.5%; 
p < 0.001). This pattern remained consistent when con-
sidering the  prevalence among bivalves, bovines, and 
cows. Cumulative analysis and meta-regression analysis 
revealed no evidence of a shift in prevalence over time 
(Table  1) for all Arcobacter spp.  or for either subtype 
reviewed.

 A. butzleri prevalence within all humans and food-
producing animals included in this meta-analysis var-
ied depending on the  study publication year (Fig.  3b). 
The highest prevalence was noted within published 
studies during 2001–2005 (25.3%; 95% CI: 6.3%–50.6%; 
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p < 0.001), while the prevalence of A. butzleri ranged 
from 4.6% to 25.3% throughout publication years 
(Table 1).

In comparison to discovered all Arcobacter spp. prev-
alences and A. butzleri, A. cryaerophilus and A. skir-
rowii prevalence in all humans and food-producing 
animals included in the meta-analysis was low, with 
no isolation data available before 2000 (Fig. 3c and d). 
A. cryaerophilus and A. skirrowii prevalence ranged 
from 1.8% to 5.8% and from 0.0% to 0.8%, respec-
tively, throughout the years of publication. The high-
est prevalence of A. cryaerophilus was observed during 

2006–2010 (5.8%; 95% CI: 2.0%–10.8%; p < 0.001), and 
for A. skirrowii, it was during 2011–2015 (0.8%; 95% CI: 
0.2%–1.7%; p < 0.001).

Prevalence of Arcobacter across different regions
North America-located studies (33.0%; 95% CI: 
8.6%–63.8%) and South America studies  (29.8%; 95% 
CI: 13.5%–49.0%) detected the  highest Arcobacter 
spp.  prevalence (p < 0.001), with highest prevalence 
found in other birds (85.4% and 55.7%, respectively). 
Moreover, the lowest Arcobacter spp.  prevalence. was 
observed in Asia (16.6%; 95% CI: 11.9%–21.8%) and 

Fig. 1  Flowchart depicting the study selection process for inclusion within meta-analysis
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Africa (17.0%; 95% CI: 9.1%–26.8%; Fig. 4a). Arcobacter 
spp.  prevalence in broilers surpassed that in  Oceania 
countries (72.7%; 95% CI: 51.9%–89.6%; n = 22), South 
America (69.7%; 95% CI: 62.7%–76.3%; n = 175), Europe 
(47.4%; 95% CI: 24.0%–71.4%; n = 1499), and North 
America (35.5%; 95% CI: 6.9%–71.8%; n = 1002) than 

in the countries of Asia (33.0%; 95% CI: 20.1%–47.3%; 
n = 1956) and Africa (17.7%; 95% CI: 5.0%–35.9%; 
n = 450). However, the prevalence in humans was lower 
in Europe (0.7%; 95% CI: 0.2%–1.4%; n = 54,147), South 
America (0.9%; 95% CI: 0.0%–3.5%; n = 339), Oceania 
(1.2%; 95% CI: 0.7%–1.8%; n = 1380), Asia (2.1%; 95% 

Fig. 2  Distribution of studies included in the meta-analysis on Arcobacter spp., categorized by year of publication and continent

Fig. 3  Subgroup analysis comparing Arcobacter prevalence over years in food-producing animals and humans. a Arcobacter spp.; b Arcobacter 
butzleri; c Arcobacter cryaerophilus; d Arcobacter skirrowii 
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CI: 0.3%–5.0%; n = 3748), and North America (2.9%; 
95% CI: 0.0%–9.7%; n = 1703) than in Africa (15.8%; 
95% CI: 12.8%–19.2%; n = 505).

Studies located within countries of Oceania and 
North America identified the highest A. butzleri 
prevalence (p < 0.001; Fig.  4b), while Oceania, South 
America, and Europe had the highest A. cryaerophi-
lus prevalence (p < 0.001; Fig. 4c). Africa and Asia had 
the lowest A. butzleri and A. cryaerophilus prevalence. 
A. skirrowii prevalence in Oceania was 3.2% (95% 
CI: 0.0%–25.3%; p < 0.001; Fig.  4d) compared to the 

close-to-zero prevalence rate of A. skirrowii in other 
continents.

Prevalence of Arcobacter in human stools 
and food‑producing animal species
Arcobacter spp.  prevalence in humans (1.8%; 95% CI: 
0.7%–3.3%; p < 0.001; Fig. 5a) was significantly lower than 
that in food-producing animal species. Similar results 
were observed when independently analyzing the preva-
lence of A. butzleri, A. cryaerophilus and A. skirrowii 
(Fig.  5b and d). Broilers exhibited the highest preva-
lence of Arcobacter spp.  (38.8%; 95% CI: 28.0%–50.1%), 
followed by seafood such as bivalves (35.4%; 95% CI: 
24.0%–47.6%) and fish (33.1%; 95% CI: 14.6%–54.4%). In 
contrast, among the sampled food-producing animals, 
goats and ovines presented the lowest prevalence (9.6%; 
95% CI: 1.2%–23.7%). Broilers and fish samples also 
exhibited the highest A. butzleri prevalence (p < 0.001), 
while the greatest A. cryaerophilus and A. skirrowii prev-
alence was observed in bivalves.

Prevalence of Arcobacter within various types of food 
samples
This subgroup analysis excluded human stool samples. 
The highest Arcobacter spp.  prevalence was detected 
when specimens were collected from carcasses or parts of 

Table 1  Overview of Random weighted meta-regression analysis 

The table provides a concise overview of the random weighted meta-regression 
analysis. It examines the relationship between the year of publication, treated as 
the independent variable, and the prevalence of Arcobacter isolates from food-
producing animals, which serves as the outcome variable
a Intercept: constant in the model

Arcobacter specie Intercepta Slope P-value

Arcobacter spp. 0.5224 −0.0067 0.7519

Arcobacter butzleri 0.4515 −0.0102 0.5876

Arcobacter cryaerophilus 0.2929 −0.0226 0.1457

Arcobacter skirrowii 0.1270 −0.0056 0.4797

Fig. 4  Subgroup analysis comparing Arcobacter prevalence across continents in food-producing animals and humans. a Arcobacter spp.; b 
Arcobacter butzleri; c Arcobacter cryaerophilus; d Arcobacter skirrowii 



Page 6 of 13Zhang et al. One Health Advances            (2024) 2:13 

Fig. 5  Subgroup analysis comparing Arcobacter prevalence across food-producing animals and humans. a Arcobacter spp.; b Arcobacter butzleri; c 
Arcobacter cryaerophilus; d Arcobacter skirrowii 

Fig. 6  Subgroup analysis comparing Arcobacter prevalence based on sample type. a Arcobacter spp.; b Arcobacter butzleri; c Arcobacter 
cryaerophilus; d Arcobacter skirrowii 
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carcasses (28.6%; 95% CI: 23.7%–33.7%; Fig. 6a) and milk 
and milk products (18.3%; 95% CI: 10.2%–28.1%). How-
ever, there were no reports of Arcobacter spp.  positive 
detection in sausages or other foods. Similar results were 
observed when analyzing A. butzleri, A. cryaerophilus and 
A. skirrowii prevalence individually (Fig. 6b and d).

Prevalence of Arcobacter considering storage time 
and method
When samples were stored using any freezing method or 
stored (refrigerated or ambient) for 2–7 days before Arco-
bacter isolation, the prevalence of Arcobacter spp.  was 
lower than that with other storage and sampling practices. 
In contrast, when samples were refrigerated or Arcobac-
ter was isolated on the same day or after overnight stor-
age, the prevalence of Arcobacter spp. was higher (Fig. 7a). 
Samples kept in ambient storage showed a higher preva-
lence of Arcobacter spp.  than those kept in refrigerated 
storage when bacteria were isolated on the same day 
(p < 0.001). In contrast, there was a greater Arcobacter 
spp. prevalence among samples kept in refrigerated stor-
age overnight than those in ambient storage overnight 
(p = 0.033). However, when samples were stored for 
2–7  days, ambient or refrigerated storage had no influ-
ence on Arcobacter spp. prevalence rate (p = 0.270).

Studies involving the same-day Arcobacter spp.  col-
lected from samples stored under ambient conditions 
illustrated the highest A. butzleri prevalence (p < 0.001; 
Fig.  7b); however, this was only verified in swine. The 
highest A. cryaerophilus and A. skirrowii prevalence 
was observed in refrigerated samples, followed by 
refrigerated samples when bacteria were isolated after 
storage overnight (Fig. 7c, d).

Prevalence of Arcobacter considering isolation method
We compared the prevalence of Arcobacter spp. based 
on whether a membrane filter was utilized on the selec-
tive medium. The prevalence of Arcobacter spp. (25.5%; 
95% CI: 19.4%–32.2%; n = 50,274; Fig. 8a) was higher in 
studies that used a membrane filter on selective media 
than in those that used selective media without a mem-
brane filter (19.3%; 95% CI: 14.3%–24.8%; n = 26,427; 
p < 0.001). Reports not specifying the isolation method 
indicated the lowest prevalence rate (10.4%; 95% CI: 
6.9%–14.5%; n = 250). Similar results were observed 
when analyzing A. cryaerophilus and A. butzleri preva-
lence independently (Fig. 8b and c). However, the prev-
alence of A. skirrowii (0.1%; 95% CI: 0.0%–0.5%; Fig. 8d) 
was lower in studies that used a membrane filter on 
selective media than in those that used selective media 

Fig. 7  Subgroup analysis comparing Arcobacter prevalence considering the storage method. a Arcobacter spp.; b Arcobacter butzleri; c Arcobacter 
cryaerophilus; d Arcobacter skirrowii 
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without a membrane filter (0.2%; 95% CI: 0.0%–0.6%; 
p < 0.001).

Publication bias
None of the individual studies significantly influenced 
the summary prevalence estimate of Arcobacter, as 
indicated by sensitivity and cumulative analyses.

To assess publication bias among the included stud-
ies, we employed Egger’s regression test, the Begg and 
Mazumdar rank correlation test, and the fail-safe N 
method, as detailed in Table 2. Our findings revealed a 
prevalent tendency toward publication bias across most 
Arcobacter species. Nonetheless, the extensive inclu-
sion of scientific articles in this meta-analysis ensures 

the validity of our results, mitigating the impact of 
potential bias.

Discussion
Arcobacter spp.  are significant pathogens of growing 
interest for public health and food safety due to their 
frequent detection in various foods and the clinical rel-
evance of A. butzleri, A. cryaerophilus and A. skirrowii in 
humans [5]. Consequently, over the last decade, the num-
ber of studies investigating the prevalence and incidence 
of Arcobacter in both humans and food-producing ani-
mals has increased [1, 4, 7, 13, 14]. We analyzed Arco-
bacter spp. presence within humans and various animal 
food products globally. According to the meta-analysis, 
approximately 21.9% of the  samples analyzed contained 
Arcobacter: 1.80% in human stools and 25.9% in animal 
food products, regardless of the animal species. Among 
Arcobacter spp., A. butzleri served as the dominant type, 
while  the prevalence of A. skirrowii and A. cryaerophi-
lus was low. This discovery holds significant importance 
because it underscores the widely acknowledged trans-
mission route of pathogens through the food chain, par-
ticularly notable for A. butzleri, a primary causative agent 
of human Arcobacter disease [20].

Although our study did not reveal a surge in Arcobacter 
prevalence across the years, numerous reports have high-
lighted a growing number of human Arcobacter disease 
cases globally [1, 4, 16]. This trend might be attributed 

Fig. 8  Subgroup analysis comparing Arcobacter prevalence considering the isolation method. a Arcobacter spp.; b Arcobacter butzleri; c Arcobacter 
cryaerophilus; d Arcobacter skirrowii 

Table 2  Outcomes of publication bias detection outcomes

a Research quantity needed to reverse the effects is computed based on a 
significance level of P = 0.05

Response variable Fail-safe Na Begg and 
Mazumdar 
test

Egger’s regression 
test

Intercept P-value

Arcobacter spp. 0 0.0479 7.6681 0.0154

Arcobacter butzleri 0 0.1043 6.4018 0.0134

Arcobacter cryaerophilus 0 0.1313 3.1552 0.0088

Arcobacter skirrowii 0  < 0.0001 1.9141 0.0034
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to data stemming from outbreaks or epidemiologi-
cal studies, which could introduce biases, particu-
larly regarding unreported cases. An increase in case 
reporting could inflate prevalence estimates without 
necessarily reflecting an increase in disease incidence. 
Conversely, the heightened incidence of human Arco-
bacter disease might stem from enhanced surveillance 
and identification of microbial agents responsible for 
foodborne illnesses previously categorized as acute 
gastroenteritis [21, 22].

The prevalence of Arcobacter varies across conti-
nents. Africa and Asia exhibit the lowest prevalence of 
Arcobacter  spp., but an exceptionally high prevalence is 
observed in human stools in Africa. This phenomenon 
may be linked to the  dietary and hygiene habits preva-
lent in developing countries. Higher prevalence of Arco-
bacter has been reported in animal food samples (25.9%) 
than in human samples, likely because most domestic 
animals can serve as reservoirs for Arcobacter. Notably, 
we detected a greater prevalence of Arcobacter in North 
America and South America than in other continents, 
especially in other birds, predominantly turkey. Poul-
try seems to be a crucial host for Arcobacter, similar to 
Campylobacter [23].

Furthermore, poultry intestines frequently incur dam-
age during slaughter, leading to the contamination of 
carcasses with pathogens. In contrast, the slaughter pro-
cesses for other species, such as cattle and swine, are 
typically more tightly controlled to mitigate the risk of 
intestinal perforation. This meta-analysis also identified 
broilers as the most pivotal Arcobacter source, highlight-
ing the significance of poultry in the global transmis-
sion of Arcobacter [24]. Numerous investigations have 
reported the persistence and diffusion of Arcobacter in 
poultry meat [25–27]  and seafood [28–30]  production 
chains.

Numerous Arcobacter species are recognized as indig-
enous to aquatic habitats, whereas the occurrence of A. 
cryaerophilus, A. skirrowii, A. butzleri, might be linked to 
fecal contamination of water bodies originating from ani-
mal waste [29]. Given their filter-feeding ability, marine 
bivalve mollusks can accumulate bacterial pathogens 
from water sources, thereby posing a substantial health 
risk to consumers, particularly when consumed raw or 
undercooked [31]. This phenomenon could elucidate the 
elevated prevalence of Arcobacter spp.  observed in sea-
food as reported in this meta-analysis.

Arcobacter spp. can be transmitted to humans through 
routes other than  those involving meat. An Arcobacter 
outbreak has been linked to the consumption of milk 
[32]. Arcobacter presence within milk typically results 
from fecal contamination within the  milking procedure 
[33], potentially leading to human infection in cases of 

incomplete sterilization or post-pasteurization cross-
contamination. Arcobacter prevalence in milk and milk 
products was 18.3%, indicating that this genus is another 
significant source of contamination. Similarly, eggs, sau-
sages, and other foods showed a low prevalence of Arco-
bacter  spp., suggesting a lower likelihood of causing 
infection in humans. Despite originating from the same 
animals, the environment in which these products are 
sourced and stored can significantly impact Arcobacter 
prevalence.

Furthermore, this meta-analysis investigated the 
impact of storage time and method on Arcobacter preva-
lence. We detected a higher Arcobacter spp. prevalence in 
samples stored refrigerated or isolated on the same day or 
after overnight storage than in samples stored via other 
methods. When bacteria were isolated on the day of 
sample collection, the prevalence rate was highest when 
the samples were stored at ambient temperature. On the 
second day after sample collection, refrigerated storage 
resulted in the highest Arcobacter isolation rate. How-
ever, for food safety considerations, long-term frozen 
storage has emerged as an effective method for reducing 
the survival of Arcobacter spp. Studies also indicate that 
freezing affects the isolation rate of both Campylobacter 
and Arcobacter [34, 35].

This meta-analysis facilitated a comparison of the prev-
alence with and without the use of a membrane filter on 
selective medium. The filtration method, which was orig-
inally developed for detecting Campylobacter in clinical 
human stool specimens containing a high concentration 
of background bacteria [36], has been  gradually applied 
in the isolation of Campylobacter in food [37]. In 2019, 
the Chinese Preventive Medicine Association included 
the membrane filter method in the group standard for 
identifying Campylobacter jejuni and Campylobacter coli 
[38]. Moreover, membrane filters have been utilized in 
many studies to isolate Arcobacter [4, 13, 14, 28, 39]. Our 
meta-analysis revealed a higher prevalence of Arcobacter 
spp. when membrane filters were used than when mem-
brane filters were not used, demonstrating that the use 
of membrane filters is an effective method for improving 
the isolation rate of Arcobacter.

We acknowledge some limitations to our study. 
The  meta-analysis is limited by heterogeneity among 
studies and potential publication bias. Differences in study 
design and quality can affect the reliability of synthesized 
results. Publication bias may lead to an overrepresenta-
tion of studies with significant findings, overlooking those 
with lower prevalence rates or nonsignificant outcomes.

Food-producing animals stand out as the most crucial 
reservoirs and sources of Arcobacter, posing a serious chal-
lenge for public health in terms of pathogen transmission 
from farm to table [40, 41]. Subsequent research endeavors 
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should prioritize the epidemiology and transmission of 
Arcobacter, particularly in food production. Investigating 
effective prevention and control measures is crucial for 
reducing Arcobacter transmission along the food chain, 
enhancing food safety and public health. Consequently, 
we advocate for stricter food safety control strategies by 
food manufacturers to prevent Arcobacter contamination 
in food. Simultaneously, we propose the inclusion of Arco-
bacter in international or national food safety monitoring 
systems to determine appropriate risk assessment meas-
ures aimed at curbing the prevalence of Arcobacter and the 
resulting Arcobacter disease in humans.

Conclusion
The meta-analysis revealed a pooled prevalence of 21.9% 
for Arcobacter spp., showing a higher prevalence in animal 
food samples, with A. butzleri emerging as the predomi-
nant species. Varied prevalence levels of Arcobacter were 
detected in humans and food-producing animals across 
different regions. Notably, some food-producing animals, 
particularly broilers, bivalves, and fish, exhibited a higher 
prevalence of Arcobacter than others. A. butzleri demon-
strated higher prevalence in broilers and lower prevalence 
in goats, ovines, and swines. Conversely, A. cryaerophilus 
and A. skirrowii were predominantly found in bivalves.

This meta-analysis further highlighted a substantial 
prevalence of Arcobacter spp.  in animal food products, 
particularly in carcasses and parts of carcasses from 
diverse animal species and in milk and milk products. 
Egg products and processed meat items, such as sausages, 
did not emerge as significant Arcobacter spp.  sources. 
Moreover, although refrigeration is widely acknowledged 
as a method for food preservation, it seems to have little 
impact on reducing Arcobacter spp. prevalence in animal 
food products. The use of membrane filters on selective 
media influenced the amount of Arcobacter spp. detected.

In light of these findings, it is imperative for research-
ers to swiftly devise tools aimed at diminishing the preva-
lence of Arcobacter in primary production, disrupting 
its fecal–oral cycle, particularly in intensive production 
systems.

Materials and methods
Data sources
Scientific papers published in English since the Arcobac-
ter spp. via the nomenclature  were identified through 
comprehensive searches of the Scopus, PubMed, and 
ScienceDirect databases. The search terms for each data-
base included "prevalence" or "incidence" and "Arcobac-
ter." Abstracts and titles were meticulously evaluated, 
and articles that adhered to the predetermined inclusion 
criteria were chosen. Data extraction from the selected 
studies was carried out independently by two authors. In 

instances of disagreement, resolution transpired through 
discussions between the two reviewers and thorough 
examination of the trial information. If necessary, contact 
with the trial authors was established to seek clarification.

Criteria for study selection
The evaluation of scientific articles for inclusion in the 
meta-analysis involved several stages. Initially, articles were 
screened for adherence to selection criteria, with a focus on 
identifying duplicates, reviews, studies involving humans, 
animals, and foods, as well as diagnostic methodology 
validations. Each scientific article underwent a thorough 
examination, with a specific focus on extracting the sta-
tistical data necessary for meta-analysis. Furthermore, the 
references cited within these articles were scrutinized to 
identify any additional relevant studies that met the selec-
tion criteria. The data were extracted by one author and 
independently verified by another investigator.

The following eligibility criteria for the inclusion of sci-
entific papers included within the  meta-analysis were 
outlined: (1) Observational study design, specifically prev-
alence studies. (2) Publication in peer-reviewed journals.

In instances where a scientific paper included humans, 
different animal species, and food, each animal was 
treated as an individual "study" within the meta-analysis. 
Likewise, if a scientific paper reported findings under dif-
ferent circumstances (such as country of origin, sample 
type, or methodology for confirming Arcobacter  spp.), 
each circumstance was treated as an individual study. As 
a result, one scientific paper could contribute multiple 
studies to the analysis.

For inclusion, studies needed to provide data on both 
the total sample size (population) and sample quantity 
that tested positive for Arcobacter. Arcobacter spp. iden-
tification relies on typical morphology, biochemical 
confirmation, or, in some instances, PCR detection. 
Whenever possible, details regarding Arcobacter species 
identification were incorporated into the analysis.

Exclusions from the meta-analysis encompassed vari-
ous criteria such as assorted reviews, duplicate reports, 
non-peer-reviewed articles (e.g., theses, opinion articles, 
conference papers, and letters to editors), articles not 
in English, and those describing Arcobacter detection 
within artificially contaminated specimens. Additionally, 
articles involving direct PCR identification without bac-
terial culture experiments or focusing solely on labora-
tory techniques were excluded.

Outcomes and definitions
The prevalence of the genus Arcobacter and its con-
stituent species (A. skirrowii, A. butzleri, and A. cry-
aerophilus.) was determined by calculating the ratio of 
positive samples to the total number of samples. The 
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study population included humans and various food-
producing animal species investigated in each study. A 
pivotal criterion for differentiation was the concept of 
harvesting, serving as the delineation between animal 
samples and food samples. Notably, samples derived 
from animal feces and swabs were excluded from the 
classification of food samples (i.e., this study).

Data extraction
Details encompassing the study design, country, years 
under consideration, isolate source, sample type, origin of 
samples, sample storage method, methodology employed 
for bacterial isolation and confirming Arcobacter identity, 
and outcomes (including the number of positive Arco-
bacter samples and the total sample count for humans, 
animals, or food) were meticulously extracted from each 
research paper. Notably, the exclusion of studies did not 
rely on the utilization of scores [42].

Quality assessment
Two authors autonomously evaluated the risk of bias in 
each original study. The quality of each study was evalu-
ated utilizing the  Newcastle–Ottawa scale, which was 
adapted for cross-sectional studies [43], and grades rang-
ing up to 10 points. This tool comprises three key sec-
tions: methodological quality (8 points), comparability 
of the study (1 point), and outcomes related to statis-
tical analysis (1 point). The final decision was based on 
the mean score from the two authors, and studies with a 
score equal to or greater than five were deemed eligible 
for meta-analysis and systematic review (Table S1).

Statistical analysis and subgroup analysis
Statistical analysis was performed utilizing Comprehen-
sive Meta-Analysis version 2.2 (2011). Given the binary 
nature of the measured outcome (i.e., whether human, 
food-producing animal, or food samples tested positive 
or negative for the pathogen) and its reporting solely 
for individual groups, the most applicable parameter 
for effect size measurement was the raw proportion ’p’ 
(accompanied by 95% CIs) utilizing a random-effects 
model [44]. Heterogeneity among studies was assessed 
utilizing the DerSimonian and Laird test (Q-statistic). 
The extent of heterogeneity was quantified using the 
inconsistency index (I2-statistic) [45].

To assess the impact of outliers or highly influential 
studies on the analysis outcome, sensitivity analyses were 
conducted [42]. This process entailed iteratively perform-
ing the same analysis while excluding one study in each 
iteration. Furthermore, a cumulative meta-analysis was 
performed to evaluate how the outcomes varied with the 
publication year.

Subgroup analyses were preplanned to investigate 
potential factors influencing Arcobacter prevalence: (1) 
continent (geographic distribution), (2) human stool and 
food-producing animal species, (3) food types (sausages; 
other food product samples; milk and milk products; 
carcasses or part of carcasses; eggs), (4) storing time and 
methodology (isolation the same day or after overnight or 
storage for 2–7 days; ambient, refrigerated, or frozen), and 
(5) methodology for isolation (selective medium; selective 
medium plus filter) and identification of Arcobacter spe-
cies. In the subgroup analysis for the time period consid-
ered, publication year was used instead of the study year. 
Typically, the publication year of a scientific article closely 
aligns with the study year (within 2 or 3 years).

Furthermore, a meta-regression analysis was con-
ducted to investigate sources of heterogeneity by 
examining the association between Arcobacter preva-
lence and publication year, employing the method of 
moments. To assess the significance of covariates and 
measure the strength of their relationship with effect 
size, an index based on the percentage reduction in true 
variance was employed, similar to the R2 index utilized 
in primary studies [44].

Publication bias was assessed through the use of funnel 
plots. Adjusted rank correlation tests, the Egger method 
[46], Begg’s test [47], and the fail-safe N method were 
used to assess publication bias.
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